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SPACE SHUTTLE OVERVIEW 1 SPACE SHUTTLE INTEGRATION 

and ROLLOUT 

MISSION PREPARATION AND Vehicle Assembly Building 
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Only minutes following the launch, recovery crews, on station 
in the Atlantic Ocean off shore from the launch site, prepare to 
recover the spent SRBs thus beginning the process of vehicle 
turnaround. While the Shuttle is carrying out its mission in orbit, 
back on Earth the ground crews already are preparing for the next 
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systems, leave the orbiter cabin and perform various payload- 
related activities in the vacuum of space, frequently outside the 
payload bay - becoming, in effect, human satellites. The 
requirements for performing EVAs are spelled out in the PIP. 




1VA includes all activities during which crew members dressed 
in space suits and using life support systems perform hands-on 
operations "internal to a customer-supplied crew module." The 
requirements for performing 1VA also are specified in the PIP. 
(IVAs performed in the Spacelab do not require crew members to 
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Aerial view of Lyndon B. Johnson Space Center, Houston, Texas, with Clear Lake in the background. 
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Shuttle Ground Processing Flow Diagram 







attitude -- such as the Hubble Space Telescope and Spacelab -- are 



of 1987, is used to perform extensive modification, rehabilitation LOGISTICS FACILITY. The Logistics Facility is a 

and overhaul of orbiters. The OMRF permits extensive work on 324,640 square-foot building located south of the VAB. It houses 

orbiters to be performed without disrupting routine operational 190,000 Space Shuttle hardware parts, as well as about 500 NASA 

flight processing of orbiters through the OPF. and contractor workers. 



Orbiter Processing Facility waterproofing 
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Orbiter Processing Facility Access Platforms 
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Orhiter Modification and Refurbishment Facility Floor Plan 




Space Shuttle components arc brought together Irom various The low bay area is used for Shuttle main engine maintenance, 

locations throughout the country and assembled at Launch Complex It contains overhaul shops and serves as a holding area for the SRB 

39 (LC-39) facilities at the Kennedy Space Center. It is in these forward assemblies and aft skins, 

facilities that the components - the orbiter, solid rocket booster and 
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Vehicle Assembly Building cut away view 
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Vehicle Assembly Building Floor Plan 
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FIXED SERVICE STRUCTURE 

(FSS) 



Space Shuttle on Launch Pad at Launch Complex 39 



hydraulic cylinders. In its retracted position, it is latched to the openings. A heated gaseous nitrogen purge of about 25 lb. per 

FSS ’ minute flows into the seal cavity, mixing with the cold liquid 

oxygen vapors preventing the outside from freezing. 

The OAA ts located 147 ft. above the pad surface. It is 65 ft. 

long, 5 ft. wide and 8 ft. high and weighs 52,000 lb. At about 2 minutes and 30 seconds before launch, the vent 
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emergency escape route for persons in the Shuttle vehicle and on A flatbottom basket surrounded by netting is suspended from 

the RSS until T-minus 30- seconds in the countdown. Seven each wire. Each basket can hold up to three persons, if necessary, 

slidewires extend from the orbiter access arm level to the ground on When boarded, the basket quickly slides down a l,200-ft.-long 

the west side of both pads. wire to the emergency shelter bunker located west of each pad. The 

baskets are slowed and brought to a stop at the landing zone by a 
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the base of the RSS completely surround the OMS pods when the installed after potentially damaging overpressures were noted 

RSS is in position around the orbiter. These enclosures are purged during the first Shuttle launch in April 1981. The system reduced 

with heated air which absorbs the excess moisture. the overall pulse pressures by two-thirds. 
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PROPELLANT STORAGE AND DISTRIBUTION. LAUNCH PAD/LAUNCH PROCESSING SYSTEM 

Propellant servicing of the Space Shuttle's reaction control INTERFACE. The vital links between the Launch Processing 

systems, the booster auxiliary power units and the external tank is System in the Launch Control Center (LCC), the ground support 

performed at the launch pad. Fuel lines lead from various equipment and the Shuttle’s flight hardware at the pad are provided 

propellant storage facilities to the pad structure and umbilical by elements located in the Pad Terminal Connection Room (PTCR) 
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The LETF test equipment was moved to KSC from NASA's Aerial View Looking North of Launch Pads 39-A (near) and 39-B 

Marshall Space Flight Center (MSFC) where many of its (far) at Launch Complex 39. Atlantic Ocean Is on the Right. 

components were originally used for similar purposes during the 
Apollo program. 



SPACE SHUTTLE CARGO PROCESSING 
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Payloads follow one of two functional flows: 1) those that are 
installed horizontally into the payload bay at the Orbiter Processing Cargo Integration Process 
















X^V~ SRB ROTATION/ 
y / PROCESSING FACILITY 
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The Payload Canister is a large, environmentally-controlled There are two Payload Canisters at KSC. They are 65 ft. long, 

cargo container in which fully-integrated Shuttle payloads arc 18 ft., 7 in. wide. The canisters can hold vertically or horizontally 

transported from the Vertical Processing Facility (VPF) to the processed payloads of up to 15 ft. in diameter and 60 ft. in length - 

Payload Changcout Room at the launch pad, the Shuttle Payload . mashing the cargo-carrying capacity of the orbitcr's payload bay. 

Integration Facility 1SPIF) or from the Operations and Checkout Thcv hold payloads weighing up to 65,000 lb. and arc 

(O&C) Building to the OPF. 3 b b p 
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Cape Canaveral Air Firce Station Industrial Area 
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the Payload Changeout Room at the launch pad and installed in the 
orbiter. 
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O&C BUILDING SPACELAB FACILITIES. Spacclab 
Payload Canister with Transporter in Vertical Mode checkout facilities in the O&C Building were originally used to 
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When checkout and integration tests are completed the be processed in the CITE facility. Instead, once processed at the 

Spacclab is hoisted into the payload canister. It is then moved to Getaway Special Facility, they are mounted on a bridge beam in the 

the Orbiter Processing Facility (OPF) in the payload canister payload bay while the orbiler is undergoing checkout and testing in 

transporter. the OPF. 
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DEPARTMENT OF DEFENSE PAYLOADS. The 

Department of Defense (DOD) conducts its own payload build-up 
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is installed in the payload bay for final checkout and interface 
verification testing. Once testing activities are complete the payload 
and payload bay are closed out for flight. 





Facilities Description inside Operations and Checkout Building at Kennedy Space Center 
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INSTRUMENTATION AND COMMUNICATIONS One of the most unusual support facilities of the FCRs is the 

SYSTEMS ENGINEER (INCO) is charged with planning and display/control system. It consists of a series of projection screens 

monitoring in-flight communications and instrumentation systems. displays on the front wall which show the orbiter's "realtime" 

location, live television pictures of crew activities. Earth views and 
extravehicular activities. Other displays include mission elapsed 





§ a a .£ 

3 3 _ 

• o. 0.33 

3 E E % 
cv o o c 
-a o u ^3 


o 

*«T 

E 

u. 

<L> 

s 

o 


o 

> 

3 

O 

c 


e 

c 2 

J 8 

too 

-S 

c 

*E 

E 

B 


3 ~ 


E *- 

B E 



c/3 top O rj 

si go 

, ■g-le^ 

■ ~ tz -a 

■° ^ Vi 

E « £ 

■ s ua 

V3 yj w 
>* 

</3 "O — 


D: 


* A 

. ,-v i i \ / v i 


J TOG RAP H 


$ 


a- « 



o *S 


x 

u 

x 

* 


o 

£ 

w 

o 

Z 

o 

x 

<L> 

■a 

p 

Tj 

c 

o 

c/3 

d) 


5 


<L> /— \ 

c u 
- U 

^ Q 


toC 

C 

■o 


x ’G 

CL F V 

s y 

o 
U 

G 
O 

•a 
2 o 

Cl O 

G ° 

O G3 

U 


S 2 


c/3 

ja^ 


o 

x 


8 / 


__"D T3 

og? 
1 ST 

x £ 

00 w 


3 

03 ^ 
-Q ^ 

'Su 

03 

US 

*5 G 
o 

e 

X 


5Jj 

C 


o 

3 

a. 

G 

o 

o 

o 

o 


^ 5 ; 03 


G 

o 

o 

c 


U 
2 

o vi 

■S .2 


O T3 

c/5 r* 

s s 

» c* 

£ u 

CXpH 

„„ L> 
o 5 

B, 2 
G o 
of 
G dd 

cd J? 

c £ 

£2 c 


- (L) 

6 3 

7 X) 
/G . c 

a> *r» 


8 f-l 


O - 

~ S 

C/3 

C =3 

W) tJj 

*55 "p 

•o cd 

sa 

E c 

£ S 

o o- 

w 8 

13 •* 
— c 

.2“ 5 
■° « 
S | 
^ 3 

c S 

5 3 

o -g 

oo 2 

13 | 

£ w> 

O ox) 

c/3 ,2 
00 .5 
on 


*G t-H 

§£ 8 . 


£2 

"O 


2 ^ i: 
■<— * 
c/ 

E 

<D 

O 2 


cuo 

c 

5 e 

<U 3 
Cl o 
Cl <■> 
cd O 


£ 


2 o 
S -G 

Cd C/3 

W) w 
C 03 

13 1 ? 

o > 

03 

* 5 

c > 


Jo 

1 •§ 

03 c 
L-i O 

e 1 
o 3 


03 


£ 

o 

o 

c 


C/3 X 

o 

o c/3 

er 

a 2 
u *G 
u * 

Q on 
o 


O 

x 

C/3 

£ 
0 / 
> 
G 

L> 

s 

G 
<— * 
03 

52 x 

■a £ 

* 2 
L u 

,p <u 

f T3 

G 3 rp 
£ 


c 

8 I 

^ 2 
55 c/3 

5 J 

V-. 

CJ 

s 

Wn 5- 

o .5 
« o 

5 2 

K 5 

o c 
x: 

£ 


&o 2 
E £ 
c 2 

o 

a- ^ 

CL £3 
03 CL 


03 

o^ 

Wj 


on 

w 

a 

’-a 

CJ 

i— 

CL 

O 

C/3 


L 


c 

o 

■a 

u 

CJ 


a 


o 


cd 

c* E o 5 0 

|oS2^ 

o /C o3 CL on 55 




x: 

CJ 

15 


s c « 

G W W 
•m ^ «-• 

Uw '- ; 3 p 

o oo cl x: 
o £ 

o | 8 E 
e * §U 3 
§ e u 5 
•a cxq t 



T3 '*3 

5 1 

Q S | 

C G 

CJ - Lh • •— 

n w on 
C C cd 


2 o 2 

G C/3 ^ g 

CL CJ u , 

s a e a a 

°J=S3l_ 

u ag 

lien 

•c ’g -o 1 8 


CL 


<u c a a S’ 
> C G)«j« 
IG G »L* X 5 
^ ^ c« 53 > 


IG - 

on Q 
O 
on 

G 


u r 3 

X y 3 

° £ g 

c/ w E 

e|8 

§•> 

on U— 


on 
1 > <U 

S3 

u 


o 

TD 

O 


E n 

T3 

ac g 

g e 

G 

C O 

o 22 

O 03 


cd .2 


S « o 
c .B-3 
* 
o 


53 03 


o c 

e c S « u 

•So-Tr-j- 

S E § o “ 

‘G o FT 

2 £ L 4) ^ 

J ? I O o 

o 


xz >, 
.P «d 

5 2 
"S 3 

* 03 


-a o 

2 T3 
cd cd 


E U 
« 

( 2 ° 

6 


oo 


O X^ on 
CO 2 
^ on on « 

l l jj v 

•S ^ 

_ c 3 2 

5 £ _ ■E -S 

^ rrt cd 


C O 

■2 ^ 
G c 

2 O 

§U 


g 


o ~o 


cd 

a •§ -o 

1 ) c 1 > 

E o « 
Etj g 
o <u X 

° E .2 


•E « « aoR 

w* 8 »,EX 

•fSlJiS 

8 -O 8>-8 > 

O CL cd *c3 oa ^3 
O c/3 o c 

c 5 x 
Cl .g cl o 


o 03 

0 X) 

U 3 

iJ5 

— C 
rG O 

? a 

C/3 CJ 

1 1 

C/3 G 

«2 G 

I ® 

03 

CJ on 

^ a 

cl jr 
oo *2 

s i 

II 

r 

cd qj 

< 5 


X) 

jd 

u 

cd 

CL 

00 

o 

5 


CJ 
W> 

03 

c 

03 

E| 2 

c 2 c 

.2 

S o ^ 
*S TD g 

c cd 
CL 2 

c s 

° w 

on X 2 

C &b 

IS 


03 

2 “ T3 

c £ 

•c « 

clX 

o 

X5 c^ 


u U 

ao 

s 


o o 


> . 
a u 
§u 


6 

5 

5 

"O 

2 

cd 

C 


G G . 

.2 a -s 

2 §-8 

on on U 


G 

X 

00 


' o 

O r- 
O 53 

Im 

C/3 

o "O 
G 1 ) 

i| 

u 8 

- C/3 

ll 

u ^ 

w a 

x c 
W) G 
.— <u 


o *S 
u y 

cl 2 

^ CL 
P X 


03 


<D 


'•'* nj 

X G 
TD 03 
O w 

4—1 +“* 

cd w 

<4—1 

u 2 

U o 
X o 

y ° 

Cl cd 
cx 

<L> oo 

£ w> 

M 2 

x 


MARSHALL PAYLOAD OPERATIONS CONTROL CENTER 


R 


o 

sz 

c/5 


“2 

73 

2 

a 

o 

c 

p 

E 

a. 

*5 

cr 

p 

C 

o . 

§; S 

§■ e 

^ a 

O 

X </2 

E P 


c/: "O 
pi 73 
G O 
P -X 

P 

.5 ^ 

C Q. 
X p 

o i 

H E 


W U 4) >^T1 
55 ?§ 


2 ' 



% V O 


p 

£ 


p 

T3 

3 

U 

c 


o 

£ 

Si 

p' 

U 

u 

o 

Cl 

u* 

P 

5 

O 


« -3 

M 1/5 
O 

g £ 

g 8 

C/3 

P *0 

o. c 
K * 

5 t 
^ s 

M O 

u «£ 

C/5 ’p 

S 8. 

s — '' C/5 


W) 

c 


73 


H 

W3 - 

« E 

H ° 
Z 2 
w S 

O 

U E 
w *c 

z 8. 

X 
P 


73 

E 2 
c 3 

.3 p 

q| 

O ^ 
„ Q. 
~ p P 
- £ O 
~ o 

73 y 

c 

ca t 3 

2 s 
r- 

Z C 

cl o 

P ^ 


& 

o 


c 

p 
P cj 
“ o 

c 

p 


S .22 o 
E E 6 


c/5 p 

C/5 > 

£3 

J= 

* 


O 

<D 00 

y 3 

ti2 o 
p S 
£ E 


O T3 
x: S 

<73 

a, 
U p 

m ,C 
C 

p£ 03 

£8 

<2 
^ p 
£ 
c 

p 
p 

£ 


a 

oc 

O 

O 

u 

w 

u 

< 

u* 

cc 

w 

H 

z 


s ° x £ £ 


3 

</) 

c 

.2 

c3 

p 

’5 

3 

E 

E 

o 

o 

C/3 

o 

w 

73 

C 


W 
CrS 

u-g 

o 

o 

o 


C/3 ^—> g CTj O 

C /3 O *■ 

^2S to 

C /3 C 3 C c 3 t 

«- o °; 

Sf c 

^ .2 O C 3 

5S £ o it: o 

H-O « ► - 

“J w r- C« O 

*2 x: -S p ccj 

< W) ^ § g- 

u s a « •- 

W 2 g « 

S< t 3 ^ a, jo 
^ 

C >. > C /3 

Q .t 3 o c 
^ w D. m ^ 

O 2 1 gs 

►4 0—-*^ 

^ C X rf^ C 

^ I! 5 ^ o 

< ts 5 73 ° 

CL — C o n 
^ C 3 a C W 

b c^ 


‘5 


W V — T3 
Si c/3 G 

^ g «* O 
,2 djjx: 




^ j 

T3 ^ 
C ^ 


" 3? W ^ 

y o u! -a 7; 

w 1-8.8 8 
h a o | •> 

< H O X) t/; 

• S *^L 

2 s s ■§ e 

a a is > <3 


o 

£ 

i— 

8.J 


x: o U 

1°* 

D V3 

o = § 

Pg’S 

o u. > 
p w u 

5^5 6 

L» . 

o O 

c — 
o £ o 

r j o c^ 

— ^ o 

p- Dij o 

rR LL 
w O 
^ O c 
r O E 

c ^ 

Cu -a 

2^ % 

2 -3 - 

o-iS 

_ u. 

7D ?j u 

«5 O 
£ < - 
iiS2.= 

E— Z : 
o « 

■s < 


C <L> « — 

V3 ^ ryf IV3 

C > O o 

■2 g.a 2 

i -° g» o 

T3 

C/3 O 


: g S | ^ 

^ a i ^ § 

. u § g | 
= p =*3 g 

p g « “ 

« O ° 

>>.3 2 

s ^ ^ 

g o .2 

£ -c j= 

E,;2 
8 8 ° 
u •a 


sLCl. 

O w- 

^ O 

o. ^ 

£ o 

ri «— i 
=3 O 

x: 0 

GO V3 

o ° 

8 £ 

^3 

E •- 

a 3 -o | 

*23 C3 -tr 

2 o. o ? 

5 «5 « u- 5 

'% « a ° G 

2 8.-S c « 

g & . .2 « 

w O >> — P* 

es *- u O. h 

O C 3 O _ 

w S T3 ?; S 

SE.S^ 


o 

E 

o 

> 

o 


73 -8 
o 3 

G 3 
Wj jC 
'so ^ 

o _ 

■O 03 
>> O 


S S S..2 


O C 

C/3 •« 


C/3 ^ 

T3 

O c/3 

c c 
o 


-C 

W) 


o 2 

,73 'O 
^ c3 

s 8. 

'7 ° 

V3 lO 

U ‘ 


u V 
2§ 
=3 I 

QJ c 

£ S 

i "O 

■ a 
U ** 
U o 

O £ 
cl e 

l! 
■f s 
« , 

s s 

° •£ 
o 

E 


e crj 

53 t- 

§ 8 . 

c/3 O 

E <u 

T U 
C 03 

o Q- 
c " 

T3 
O 


G 

o 

x o 
w £ 

C/3 

O S 


7 8 . 


O "O 

s § 

E 


$G w 

C W 

c « 

3 3 

Q .§ 
x5 “ 

73 723 

"o S 

d 73 

Uj 

CL c 

|i 

53 ti 

3 E 

i b 

g73 

5 g 

>s D 
73 

Q* .— 


E 

o 

o 


ZJ 

73 ^ , G 

CLU S 
*- U G 
o 5 C/5 
^ w O 

to u y 

o 
U 


o 

£ 


o 

c 

o 


r c ^ T3 . o 
H 2 £ 8 ts ’E5 


U £ 

e 2 

I 8. 

C/3 O 

72) 

s s 


C C T3 

O — y 
‘53 *o g 

c^ o s 

“3 E 


£ 


73 

Cl 

C/3 


® o c 

W ^ 4 V 

^ 8 
>*.E 

— C/3 

5 13 c« 
o = 2 

u wf 

C 'C — ' 

— o . 

- u H 

o u 2 
SoS 

73 0.0 

II 2 

> bl C 

. J2 « 

: ^ c3 

I 2 ^ 
> £ ^ 


c 

GJ 

E 


E -S 

o ° 


CJ 


-C 


73 


£ 3 
C CL 


CJ 


c 

p 

o 


82 


U 


S g> 


8 CQ 


H/5 

^5 g 

c ^ O- 

^ c ° 
c o 3 

g* 3 
x: Cl ,c 
C 3 c/3 
5 00 t>o 
2 2 = 
c 'C 

«.2c 

!J2’c 

S 8. g 

o >. 

60 o 
c o 

£ cc U 
G > U 

CQ C ^ 
3 p 

2 X £ 


S E 

£ p 


C/3 

P 


C/3 

E 

g U 8 

2 GO >, 

c o ^ 


o 

_, p 

^ ^ T3 - 
73 >•*> > 

<-* 73 _ r p 
c/3 pj g ^ 

- §s g 

c * « .2 

2 c: i2 73 

E o -o c 

y g « u 
o .g o o 

Q i ^ 8 

3 73 P 

£ 

o c 

w 73 . 

i_7 w C/3 z : 

£ * Yi ^ 

73 rj p -* n 

0,0 O CU 

73 73 P — o 

U 

^ W- 3 ~ 

rj -a p 2 

70 C/3 *T3 JC 

U g> 3 C ^ 

O s« p «s 2 

Cl t *57 P — 

ca 2 E 53 


C/3 

P 


E 

o 

p 


E 

p 


73 C/3 3 O 

x: p ° p ^ 

C« ^3 o x 

b '> <-' ^ p 

— . O 03 “O 

4 7 M ^ ^ 


s l-S | § 

£U=c ^5 
HU-o « 6 
O D. TD O 
0 . 


D -‘2 - 
73 C r" 
P 73 £ 


o .r 


-S-2 



7? *2 
£ 

. c S 

' ° g 
■o -S 

£ 2 

Jy 

2 o 




o jg 
o — 

S E 
E 2 
E ■“ 

o c/; 
cj "O 

■a S 
c g 
3 E 

S E 

“3 

a £ 

u g 

u -1 

r> c 


< 

CU 


C/5 O 

a 

3 * 

J>,9 

1 g 

O X3 


u 

S 

a 

x 

o 

H 

< 

Z 


o g 

* ■a 

3 u 

G 5 
o 5 
x: Q 


c 




a 

a 

o 

o 

u 

H 

z 

w 

S 

w 

f * 

w 

< 

z: 

< 

S 

< 

H 

: a 


a c 

§ * 
'3 o 

c ^ 

<U TD 
P «S 

= ■ tS 

« H 21 g 

c U x a 

*"rt O ^ q> 
X3 


O 


C ±3 ■ 


C/5 


«| 
.5 * 

.5 

C3 C 

c 

•a 2 
E 2 

i— r3 
O TD 


bX) & 

S 

XL 


C3 

XL 


O 


xj 

go 

G 

&&• 
C/5 ^ 

O O 


as 
e 2 

°-3 

*3 o' 
2 2 
CO CO 

Cl 

E 


C/5 

O 

XL 


XJ 

c3 

cd 


1 c3 
T3 

XJ 

C3 

O 

<T3 

Ou 


•O 3 


<r 



% c 
£ 2 
£ £ 


o 

x: 

£ 


x -s 

C o 
2 3 


C3 

X3 

C 

O 

XJ 

o 

C/5 

■T3 

X) 

£ 

£ 

fb 

£ 

o 

£ 


O 
x: 

£ 

s 

s 

s 

x 
w 
o 
< 
z 
< 

5 

C/5 V? 

H ^ £ 

M O 

Z O. «5 
3 3 fe 
-g a 

>> s ° 

06 E H 
O E X 

s §2 

U3 p o 

555 

e £ 

c/TS I 

i/3 a 1 -' 

XT3 
O O 

S c/j .> 
c 8 

S? 2 


§ 



George C. Marshall Space Flight Center George C. Marshall Space Flight C enter 

Payload Operations Control Center Floor Plan, 1st Floor Payload Operations Control Center Floor Plan, 2nd Floor 



SPACE TRACKING AND DATA ACQUISITION 











£2 


03 

a 


T3 

c 

X 

o 


Wi 

C 


03 

o 


>, 

03 

7j 

G 7 
^ ca 


oo 


X 

£ 

c3 


ca 


03 

> OO 

> a\ 


££ 


X 

O 

c 
o 

l- 
X 
p 
C 73 

>> CJ 


o 3 
&© 


00 

fd 

Q 

H 

E 

o 


00 

C* 

Q 

H 

p 

X 


bD 

c 

rr x 


’Rs 

< 


03 


on 

c p 
o 

Lh C 

CJ 

b£» 

a -o 

CJ p 


D 

x 

C 00 

. o 
d p 
03 ^ 

L- Dh 

8 00 
P CJ 

S.S 

Z s 

on Q 

t Lh 

d 

Vh 

T3 

CJ CJ 

X >> 

H O 

Cl 

O 

-o 


CJ 

X 

73 
' c 
o 


9 £ 
d ^ 
3 « 

■ — CJ 

bXj w-. 

g cj 

o -c 


CJ 


■a 

CJ 

* p 


CA Dh 
CJ 

a d 

l-» r/i 

■o Q 

^ H 

d - 


CJ — * 
£ rt 


_ § 
IS CQ 


o 

CJ 

6 

03 

CJ 

3 


C 

CJ 

X 

Z 

Dh 

cj 

p 

(Z 

o 

CJ 

CJ 

CJ 

03 

Oh 


jc g 
2 | 
°* o 

L- 

X X 
txO P 

3 C 


>, 


C/3 

03 
CJ 

vi *2 

o t: 

CJ c 

bij c 


.5 S * 

,4-» 

2 «- 
2 £ 
CJ ^ 
CJ CJ 

& § 

a9 


c 

.9 

eS 

CA 59 

c ^ 
3 9 
p 5 

Cc _ 

b .£ 


00 

C* 

Q 

H 

CJ 

X 


55 C 


“ *9 
> 
03 


00 

a* 

Q 

H 

CJ 

p 


03 

Dh 


Cl 

3 

X 

CJ 

03 

X 

cd 

7 

zz 

£ 

X 

CJ 


z 

00 

CJ 

5 _ 
-t £ 

9 <*- 

C3 O 

£ p 


-e 

o 


03 


£ 


£ c 

= ST; p 


33 
CJ 

2 
on 

X 

r3 , 

W S2 

. <3 

o X ^ 
<2 6 
<tS 7" 

03 b 

S3 <2 
8 2 
Oh 2 

“ a 

d o 
S o 

CJ H-» 


TD 
„ CJ 

&.§ 
O c/1 
CJ CJ 

s ■? 


x: ^ w 

oo 5 ^ 

p rs 
u i d 
c3 oo o 

DhQj/ c* 

^ Q -S 

p ^ 


e 

p 

CA 


S .2 

O CA 


c _ 

p X) 
C fS 


on rn 
P ^ 
P V3 

b r "O 

Pj 33 

73 00 
O cj 
m ,r3 

^ x 

3 ^ 

- TJ 
P C 
"O c3 

D ^ 


^ g 

8 0, 

t3 C 

-x .9 

03 ‘-3 

c ^ 
o .2 

03 S 


8 . 


^ ■ on 

oo o 
9 H p 
0,00 ^ 
p H. « 

O L O 
C O P 
c c 
JH T 5 .2 
o p d 

02 CA 

CA ^ O 

d ^ o 
p zr 

W>-D c 

c y 9 

? 

o 

o 
uu 


03 


s 

>»-o 

^ s 

O T3 
P P 
.2 on 

Q 9 


c P 
O P 
p 

^ 03 

CA O 
P CA 

^ o 

p ^ 
p p 
t— 1 CA 
PJj P 

p x: 

-o <-* 

_ d 
* < 

C3 


6 

bi 

O' P 
03 

!! 

S d 

H— • L2 

Oc2 

3 

b 
p g 

03 2 

^ s 
03 

>• u 

73 S 

3 > 

c 2 

OJ a. 
P Q 

•o ^ 
S ^ 

w x 
03 


b § 

03 O 
aj l- 

cj b? 

hC 0 

O -a 

s| 


r— l 03 

x 1 c P 

3 «S c ^ 


o3 00 

S Q 

X H 


p ■— 

H ^ 


(N 
O P 

*-* c 
X *c3 

S ■§ 
£ -2 
^ bJj 

So 

^ H 
» >C 

c§ 3 

p 8 

i§ 

sz d 

w i 

p x 

p CA 

03 ^ 

on 2 
p 9 
■5 o 

-s a 

o br 

gj 

^2 *2 
f 3 T- 


« g 

bJO ^ 
03 *§ 
*~ > 
P _ 

> -o 

Q P 

P CA 


3 ° 

X P 
-b X) 


p 

x 


C £ 

CJ C 
P o 
U-, -,x 
P 03 
O, *— * 

CA 

o -o 

<N C, 

d o . 
^ p 1 
O U) ra 

X> w g 

03 C o 
p d 

^ t 2 
c 3 
o ^ 

p 


o d 


D 
o3 

p x^ 


Lh P CA 

D. E « 

s I 

CA c3 -P 

c 3 7 
9 cco 

S p .. 

C3 > P 

« tu 5 


P 
P 

__ 03 

0 P Cl 

9 £ 00 

"S-§£ 

^^'CJ 

p 00 

Lh > , '— ^ 

p xb 
b p 
03 p 


8. 

O 


p c 

p p 
P on 

Du 2 


00 


c 
o 

d p ° 

^ 9 < 
H - 
p 73 ^ 
5 9Z 

^ g 2 

*o h d 

S 5 ^ 

3 c ■ 

s'! 

So 


00 

00 

d 

Q 

H 


03 

e 

9 

c 

p 

p 


03 


CA 

P 


P 

on 03 
CA 

X 73 

P p 


X 

£ 


03 

TD 

7D 

O 

O 


2 o 

p 

"rt CA 

c 2 

03 ^ 


CA' 


Wj 


^ x 2 

s s-e 

<c ^ § 
< 2 E 
x £ 
^ 8 


03 X 


c d 

C TD 
* - D 

2 3 

P Eh 

o-'t: 

0 g 

P .9 

1 2 
x a 
00 o 


bl> on 

.2 ^ 
^ X ' 
P ^ 


p u 
x oo 
^ < 
gz 

i 8 

c 

tu 

d p 
^ p 
CJ 03 

*- Du 

*G ^ 

.2 B 

§1 

Lh XZ 

3 O 

9 o 

" 5 

o 2 

3 u 
x u 
ES 

C X 

.9 ® 

ix T3 

E § 

CA 

CnJ C 

si 

-S ns 


J 2 8 

03 

2 ^ 

03 P 

^ C 

C4-H P 

O P 
^ blj 

O c 

c X 

w p 

cxd 

E * 

S " 

°- o ^ 
P C 
5073 
^03 

2 p £ 

S *S x 
£ - 8 
2 wg 

CA ^ O 

P “O d 

E S § 

8^0 

bP ^ U 
2 "O 00 
x -o ^ 
p o „ 

*5 O j 

^ . Dm 

CA O >— > 

o c ^ 
*^.2 *g 

p x 9 

c ^ ^ 


o3 

--do 


X 

3 


CA 


P CA X 

G 9 p 

C c Ihh 

03 P 

Site 

8 ^3 


73 P 
C X 
03 w 

X CA 


wo 


.9 .2 ~ 

d CA 

2 9 x 

pj 3 "o 
>99- 

03 03 o3 

> CA t— 

1 a 8. 

B o o 


p 

73 

5 

03 

CA 

03 

X 


£ 

p 

t—i 

CA 

>^ 


— CA 
03 O 


X 

’CA 03 


E.3, 

p 2 x 

s |2 

a. E 
" 5 g 

B o 

CA d 

CA X w 

■S g 3 
5 2 

Cog 

7 &i 

b ca o 

p o p 

CA P 

>, w> g 
w -a -o 

P C 3 

E— p 9 

x 9 

03 w 

p d 


o x 

CA 1 

^3 £ 

B ’$ 
a M 

CA C-, 


CA 


03 


c 

3 


P T3 

^■§ 

o 

e « 

p 2 

x 9 
c 

p •— 1 

c • 

•si's 

Lh U, 

OXO 

<— 03 > 

— Oh > 

d 03 o 

s 0 -s 

CJ § C 

ts s 7 
g > s 
E T 3 2 ? 


03 



77 b0 03 

O 9 03 

W d T3 

•S | V, 

o as 

s g & 

e E S £ 

a^§ | 

C 8 


03 


>> Lh P d 

03 ^ 03 p 

’Cl. E & <-> 

£2 S M’S 

P W) c 
3 P-T3 

9-o.S‘S 

i © & 

“BO 

■o « 

P 22 CA 

d D X w 

H.2 S2 
>< M E 
« >> c 

p P b 




2 


03 
T3 
T3 
> O 

; o 

T3 
§ 
! u 


p 

x 


2 o 


a 

X Lh P 
^2 P CA 


CA 


2 ^ 

3 

is 

ltl S <s -. 

< E B O 

bX} *p 

- c > 

03 > 


CA - 

p *b 


a 


c 9 cj .2 

73 ~ £2 > 


27 

o 


£% c 

7 ^-S 

^ 5 5 

d d £ 

Lh C 

0 £ - 
b 2 c a 

« 53 c 

C x § 

bi> P X X 


8 . 

CA 


£ 

2 


p h 

03 “ 


p d d 

x c E 


£ 

CA lA', 

C X 

03 . 


P 

X 

H— • 

£ 

o 


U 

Uh d 9 3 


CA 


C 

P „ 

CA p CJ 

CA ^ ^ 

Dh X 

^ £3 
o -g 

p £ 


03 

X5 

P 


x 2 9 

x x 3 tn 

00 P Dh g 

•r E C 

> L^ 


03 p 


03 C 

>> 9 
1 8 
8 s 

c 

o3 


£ 
E 

_ o 

^ CA CA P 


b p 


^ o 

CA P 


P 

E 

75 7 


>»£ ^7 o 

73 g -a 5 ^ 

2 B u ■ 

C u n 2 

p 7 b b 
> 7 : ^ c 
« 8 o » 

is?; 

§ s ! •§ s 

73 ^ d “ 

x^5 2 

^ 73 *3 p 

bxj P cA P 

c ^ — P 

•— X* s> 03 

b 5 'C 2 ^ 

s * § 1/2 

E s B g> 

W) C (U -h 


CA b p d 

P bJj c p 

S 9 bJD ^ ^ 

p <.&.sH 


a d *£ 

15 x 9 

* 8 2 
g - 0 s 

O « ijw 

£ .2* 8 O 

2 P x 

3 9. o 

03 .5^ _. 
CA C 9 

'd =* S 

U d 9 9 

< § 
p . x 

^ B C-C/) 

7, 7 < p 
P 00 X 


W 

Z 

w 


£ E 

p o 
p on w— 1 

X r- 

p 00 g 

ca d 

m 

9 9 c 

C b b 

00 ,C 
>. o3 
CA ^2 Cd 
"" 0-0 

P _ c 

£ 3 
9 £ w> 

p w c 

C 73 15 

*c3 c p 
£ * 2 

2 c 1 ^ 

d c p 

on 9 

c 9 ^ 
52 ^ 
'5 b c 
2 w 

« a x 

73 *9 p 
c c 

3 X bX) 

p 9 *55 

bX) C3 ^ 
V- P 

° CA-^ 

* a $ 

§ S DC 

B 2 Q 

P C3 H 

C CA W 
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frequency equipment and other ground terminal equipment. 
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completed their normal bum and have been jettisoned. Meanwhile, TRANS-ATLANTIC ABORT LANDING (TAL). The 

the orbiter with the external tank still attached continues on its TAL abort mode is designed to permit an intact landing after the 

downrange trajectory with the remaining operational main engines, Shuttle has flown a ballistic trajectory across the Atlantic Ocean and 

the two OMS and four aft RCS thrusters firing until the remaining lands at a designated landing site in Africa or Spain. This abort 

main engine propellent equals the amount needed to reverse the mode was developed for the first Shuttle launch in April 1981, and 
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The lirst Space Shuttle program AT O occurred on July 29, Each Shuttle mission carries two complete pressurized 

1985, following the STS 51 -P Challenger launch, when one of the spaccsuits called Extra Vehicular Mobility Units (EMU) and 
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the verniers, are designed to provide what is called "fine tuning" of 
the orbiter's attitude. There are two vernier thrusters on the 
forward end of the orbiter and four aft, each generates 24 pounds 
of thrust. 
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LANDING, POSTLANDING AND SRB RETRIEVAL OPERATIONS 
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Microwave Scanning Beam Landing System 



POST-LANDING OPERATIONS 
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Meanwhile, after allowing for a 30-minute orbiter tire cool 
down, the Tow Vehicle crew installs the landing gear lock pins, 
and disconnects the nose landing gear drag link. The Tow Vehicle 
is positioned in front of the orbiter and the tow bar connection is 
made. Finally, about two hours after landing the orbiter is towed 
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SOLID ROCKET BOOSTER RETRIEVAL OPERATIONS 
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The NSTS Deputy Directors are Level II managers and The MMT, made up of program/project level managers, and 

responsible for management and integration of all elements of the chaired by the Deputy Director, NSTS Operations, provides a 

program. This includes integrated flight and ground system forum for resolving problems and issues outside the guidelines and 

requirements, schedules and budgets. constraints established for the Launch and Flight Directors. 



The MMT will be activated at launch minus 2 days (L-2) for a 
launch countdown status briefing. The objective of the L-2 day 
meeting is a assess any deltas to flight readiness since the FRR and 
to give a "go/no-go" to continue the countdown. 
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During the flight, both crew members experienced some space 
sickness, the toilet malfunctioned, one Auxiliary Pacer Unit 
overheated (but worked properly during descent), and three 
communications links were lost on March 2 b. 
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cameras, and perlormed medical cxpcrimcnls on ihcmsclves lor communications satellites to be llown. 

two student projects. They also operated the RMS with an 

instrument called the Induced Lnvironmcnt Contamination Monitor The fifth launch of the orbiter Columbia took place at 7:19 a.m. 

mounted on its end designed to obtain information on gases or EST. Nov. 11 , 1982 . It was the second on schedule launch. The 

panicles being released by the orbiter in flight. crew included Vance Brand, commander; Robert F. Overmycr, 
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For the STS-9 mission Columbia was once again back in 
orbit.The launch occurred at 11 a.m. EST, Nov. 28, 1983, after a 2- 
month delay because of a nozzle problem with one of the SRBs. 
This necessitated moving the vehicle back to the Vehicle Assembly 




collaboration with a POCC. Moreover, the Tracking and Data 
Relay Satellite, now fully operational, was able to relay vasts 
amounts of data through its ground terminal to the POCC. 
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demonstrating the Orbital Refueling System (ORS) and proving the 
feasibility of refueling satellites in orbit. 
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Spacelab 3 carried 15 primary experiments involving five basic operating orbits. They included Arabsat 1-B, owned by the Arab 

scientific disciplines: materials and life sciences, fluid mechanics, Satellite Communications Organization; Morelos 1 , the first 

atmospheric physics; and astronomy. All but one of the Mexican-operated communications satellite; and Telstar 3-D an 

experiments provided good scientific data. The mission was American domestic communications satellite owned by American 

supported around the clock by the Marshall POCC. Telephone and Telegraph (AT&T). 
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officially called Spacelab-2, was successful. (Spacelab-3 was successful, 

flown out of sequence ahead of Spacelab-2 on STS 51-B as an 

operational mission, Spacelab-2 being the last Shuttle/Spacelab The mission ended with Challenger landing at Edwards AFB, 

verification mission.) Calif., at 12:45 p.m. PDT, Aug. 6, on orbit 127. Mission duration 

was 7 days, 22 hours, 45 minutes, 26 seconds. 





Discovery landed on Runway 23 at Edwards AFB at 6: 16 a.m ^ first ni 8 ht b y lhe orbiter AtlanUs occurred Oct. 3, 1985, its 

PDT on Sept. 3. The flight took 7 days, 2 hours, 1 8 minutes, 42 successful launch at 11: 15 a.m. EDT. STS 5 1 was the second Space 

seconds, completing 1 1 1 orbits of the Earth. ’ Shuttle mission totally dedicated to the Department of Defense. 




Defense. The cargo, orbital parameters and other details of the 
flight were classified. Its five-man crew included Karol L. Bobko, 
commander; Ronald J. Grabe, pilot; two mission specialists: Robert 
L. Steward and David Hilmers; and one payload specialist, William 
A. Pailes. 
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The Spacelab D-l scientific research effort consisted of 75 
separate experiments most of which were repeated several times 
during the mission. Since the effort was directed primarily at 
materials processing science, the primary experiments were related 
to fluid physics, solidification experiments, biological, and medical 




a tall tower consisting of numerous small struts and nodes. The main engine prevalve; and on Jan. 10 because of heavy rain in the 

lightweight metal structures were assembled by astronauts Ross launch area, 

and Spring during two EVAs which lasted 5 hours, 32 minutes, 

and 6 hours, 38 minutes. These activities were captured on film by The launch finally took place at 6:55 a.m. EST, on Jan. 12 

the large-screen motion picture camera, IMAX. without further problems. 
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. 23 Challenger moved to VAB and mated for Sep. 9 Challenger returned to KSC via Sheppard 

STS-6. AFB, Texas. 
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Aug. 30-Sept. 5 STS 41-D mission; first flight of March4 STS 5 1-E vehicle rolled back to VAB; 

Discovery;landing at Edwards AFB mission cancelled; payloads combined 

with STS 51-B. 

Sc Pt- 8 Challenger moved to VAB for mating in 

preparation for STS 41-G mission. 
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VLF Very Low Frequency 

VPF Vertical Processing Facility 
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